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Cell Biology SelectThis issue’s Cell Biology Select discusses new insights into the molecular mechanisms of cytokinesis. Two recent papers
show that complex behaviors of bacterial cell division proteins can be reconstituted in simple in vitro systems. New work
in the fruit fly examines the role of endocytosis in the stabilization of membrane furrows during development, and findings
in mammalian cells advance our understanding of Aurora B activation and the establishment of an intracellular phosphor-
ylation gradient in anaphase.
Min Proteins Make Waves
The site of cell division in the bacterium Escherichia coli is demarcated by the action of
Min proteins that oscillate between the two poles of the dividing cell. New work by
Loose et al. (2008) reveals that two of these spatial regulators, MinD andMinE, display
a dramatic self-organizing behavior in vitro. MinD is an ATPase that interacts with lipid
membranes when bound by ATP. MinE binds to MinD and stimulates nucleotide
hydrolysis leading to the dissociation of both proteins from the membrane and is
thus critical for the diffusion of Min proteins between cell poles during their oscillatory
behavior. A third component of the system, MinC, tracks the movement of MinD and
helps to prevent the cell division protein FtsZ from inappropriately assembling near
the cell poles. In the new study, the dynamics of MinD and MinE are observed in
the context of a flat lipid bilayer simulating a cell membrane—an in vitro system newly
developed by the authors. Remarkably, the addition of MinE to an evenly distributed
layer of MinD bound to the membrane in the in vitro system leads to the formation of
planar waves (spatially periodic bands) of MinD and MinE protein. Wave formation
requires ATP hydrolysis and the velocity of these waves, which can last for hours,
is affected by the concentration of MinE. The findings in this system mirror many of
the observations previously made in vivo, including the observation that the concen-
tration of MinE peaks at the trailing edge of the MinD wave. These results show that multiple aspects of the complex spatial
and temporal dynamics of the Min system can be recapitulated with only a handful of components in a simple in vitro system.
M. Loose et al. (2008). Science 320, 789–792.
FtsZ: May the Force Be with You
In cell division in bacteria and archaea, filaments of a tubulin homolog FtsZ and other division pro-
teins assemble into a Z ring at the middle of the cell that then constricts to divide the cell into two
daughters. By examining the behavior of FtsZ in liposomes, Osawa et al. (2008) provide evidence
that membrane-anchored FtsZ can self-assemble into Z ring structures in vitro, and that these
reconstituted Z rings can generate force to constrict membranes independent of other division
factors. Previous work has established that the recruitment of FtsZ to the membrane involves an
interaction between FtsZ and another cell division protein, FtsA. The authors replaced the region
of FtsZ that interacts with FtsA with an amphipathic helix and a yellow fluorescent protein tag.
This modified FtsZ (called FtsZ-mts) could then be visualized and targeted to the membrane in
the absence of FtsA. They expressed FtsZ-mts in a strain of E. coli in which native FtsZ could be
suppressed by growth at high temperature and showed that FtsZ-mts could form into Z ring struc-
tures, suggesting that FtsA is only needed for FtsZ membrane tethering, not Z ring assembly. They then mixed FtsZ-mts with
liposomes that fortuitously formed tubular structures and observed that the protein could self-assemble into Z rings in vitro.
Remarkably, these reconstituted Z rings constricted the membrane, suggesting that FtsZ has the capacity to generate force
independent of other Z ring constituents. The authors suggest one possibility for the mechanism of force generation—
a conformational change in FtsZ filaments from a straight form to a curved form depending on the presence of GTP or
GDP. Although the force generated in this in vitro system was insufficient to complete membrane division, future work
may establish whether other division factors also contribute to the constriction force. These results may be a step toward
the eventual creation of an in vitro system that reconstitutes membrane division with a limited set of defined components.
M. Osawa et al. (2008). Science 320, 792–794.
Where Nullo Leads, Furrows Follow
During early development of the fruit flyDrosophila, the embryo is a syncitiumwith nomembranes between nuclei. It is not until
the first 13 cycles of mitosis are completed that stable membranes form between the nuclei in a process known as cellula-
rization. Prior to this stage, cytokinesis appears to be initiated with the formation of membrane furrows, but these furrows ul-
timately regress. Sokac and Wieschaus (2008) now show that control of endocytosis is critical for stabilization of membrane
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furrows during cellularization in Drosophila. Prior work linked cellularization to the onset of
gene expression in the zygote. In their current work, the authors show that the zygotic gene
product Nullo promotes the scission of endocytic vesicles by enhancing the amount of cortical
filamentous actin (F-actin) at furrow canals at the tips of furrows. In the absence of Nullo, mem-
brane tubules remain attached to the plasmamembrane due to the disruption of scission. This
results in depletion of particular structural elements from the furrows, including Septin and the
scaffold protein DPATJ, such that furrows are destabilized and regress. This discovery mirrors
reports in other species that endocytic proteins are present at cytokinesis furrows. Future
workmay explore other developmental contexts in which the dynamic interplay of endocytosis
and F-actin assembly might regulate cytokinesis and morphogenesis.
A.M. Sokac and E. Wieschaus (2008). Dev. Cell 14, 775–786.
Aurora B Makes the Gradient
The kinase Aurora B associates with midzone microtubules and its activity is critical
for chromosome segregation and cytokinesis. Fuller et al. (2008) now provide evi-
dence that Aurora B activity establishes an intracellular phosphorylation gradient
that may provide spatial information to the cell that is critical for progression through
mitosis. The authors created FRET (fluorescence resonance energy transfer)-based
sensors to track the phosphorylation of Aurora B substrates in living HeLa cells during
anaphase. They observed a spatial gradient in the phosphorylation of multiple Aurora
B substrates, including sensors targeted to chromatin and to centromeres, con-
structed using histone H2B and CENP-B as targeting domains. This gradient is de-
pendent on the localization of Aurora B to themidzone, as it is disrupted by treatments
that alter Aurora B localization. Throughout anaphase the phosphorylation of these
sensors is shown to decreasewith distance from the future division plane and this gra-
dient is stable over time. To provide evidence that the phosphorylation gradient
directs the position of the cleavage furrow, the authors examined cells in which the mitotic spindle is made monopolar by
drug treatment. Although the shape of the gradient markedly differs in drug-treated cells from those with normal positioning
of mitotic spindles, in both cases the region with highest Aurora B activity predicts the site of cleavage furrow formation.
Hence, this work suggests a mechanism by which regulation of Aurora B at the midzone is communicated throughout the
cell over distances of microns to coordinate activities at the cell cortex. A further step may be to examine the effects of
proteins that regulate Aurora B activity (rather than its localization) on the formation of phosphorylation gradients.
B.G. Fuller et al. (2008). Nature. Published online May 7, 2008. 10.1038/nature06923.
EB1 Keeps Aurora B in High Gear
EB1 (End Binding Protein 1) associates with the tips of microtubules. During mitosis EB1 regulates
the interaction of microtubules with both the cell cortex and the kinetochores. To discover new EB1
activities, Sun et al. (2008) conducted a two-hybrid screen using EB1 as bait. From this starting
point, they now report that EB1 interacts with the mitotic kinase Aurora B and show that the two
proteins colocalize at the central spindle in anaphase and themidbody during cytokinesis. Although
Aurora B has many substrates that mediate its effects on mitotic progress, EB1 is apparently not
one of them. Instead, the authors show that EB1 promotes Aurora B kinase activity. Overexpression
of EB1 enhanced Aurora B activity, and EB1 depletion decreased Aurora B activity towards its
substrate histone H3. However, disruption of normal EB1 expression did not alter the localization
of Aurora B. Rather, the authors demonstrate that the effect of EB1 on Aurora B activity is due to
its ability to block inactivation of Aurora B by the phosphatase PP2A. Future efforts may explore
the mechanism by which dephosphorylation of Aurora B by PP2A is blocked by EB1 and may es-
tablish whether EB1 is an integral part of the feedback mechanism that regulates Aurora B activity,
as recently proposed by Fuller et al. (2008).
L. Sun et al. (2008). Proc. Natl. Acad. Sci. USA 105, 7153–7158.
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